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ABSTRACT 

We investigate the possibility of using the ratio between the 2-10 keV flux and the [Ne V]3426 emission line flux (X/NeV) as 
a diagnostic diagram to discover heavily obscured, possibly Compton-Thick Active Galactic Nuclei (AGN) in the distant Universe. 
While being on average about one order of magnitude fainter than the more commonly used [O III]5007 emission line, the [Ne V]3426 
line can be observed with optical spectroscopy up to z ~ 1.5, whereas the [O III]5007 line is redshifted out of the optical bands already 
at z ~ 0.8. First, we calibrate a relation between X/NeV and the cold absorbing column density Nh using a sample of 74 bright, nearby 
Seyferts with both X-ray and [Ne V] data available in the literature, and for which the column density is determined unambiguously. 
Similarly to what is found for the X-ray to [O III]5007 flux ratio (X/OIII), we found that the X/NeV ratio decreases towards large 
column densities, as expected if [Ne V]3426 emission is a good tracer of the AGN intrinsic power. Essentially all local Seyferts 
with X/NeV values below 15 are found to be Compton-Thick objects. At X/NeV values below 100, the percentage of Compton- 
Thick nuclei decreases to ~ 50%, but still ~ 80% of the considered sample is absorbed with Nh > 10 cm . Second, we apply this 
diagnostic diagram to different samples of distant obscured and unobscured QSOs in the Sloan Digital Sky Survey (SDSS). SDSS 
blue, unobscured, type-1 QSOs in the redshift range z = [0.1 — 1.5] indeed show X/NeV values typical of unobscured Seyfert Is in 
the local Universe. Conversely, SDSS type-2 QSOs at z ~ 0.5 classified either as Compton-Thick or Compton-Thin on the basis of 
their X/OIII ratio, would have been mostly classified in the same way based on the X/NeV ratio. We apply the X/NeV diagnostic 
diagram to 9 SDSS obscured QSOs in the redshift range z = [0.85 - 1.31], selected by means of their prominent [Ne V]3426 line (rest 
EW > 4A) and observed with Chandra ACIS-S for lOks each (8 of them as part of our proprietary program). Based on the X/NeV 
ratio, complemented by X-ray spectral analysis, 2 objects appear good Compton-Thick QSO candidates, 4 objects appear as Compton- 
Thin QSOs, while 3 have an ambiguous classification. When excluding from the sample broad lined QSOs with a red continuum and 
thus considering only genuine narrow-line objects, the efficiency in selecting Compton-Thick QSOs through the [Ne V] line is about 
50% (with large errors, though), more similar to what is achieved with [O III] selection. We discuss the possibility of applying the 
X/NeV diagnostic to deep X-ray surveys to search for Compton-Thick Seyferts at z ~ 1, i.e. those objects which are thought to be 
responsible for the "missing" X-ray background. 

Finally, we compare the optical spectral properties of [Ne V]-selected QSOs with those of other SDSS populations of obscured and 
unobscured QSOs. By restricting the analysis to objects in the same redshift (and luminosity) range z=[0.4-1.5], we found evidence 
that, at any given [Ne V] luminosity, increasing obscuration is accompanied by increasing [O II]3727 emission. This correlation is 
interpreted as evidence for enhanced star formation in obscured QSOs, which is consistent with current popular scenarios of BH- 
galaxy coevolution. 

Key words. Galaxies: active - X-rays: general 



k> 1 . Introduction number unobscured ones by a factor which ranges f rom ~ 2 to 

~ 8, d epe nding on the consider ed l uminosity re gime ( Gill i et all 

J3 , While the cosmological evolution of unobscured QSOs has been |2TJQ7L see ITreister et al]J2009bl and iBallantvne et al.ll2006l for a 

traced up to z ~ 6, the evolution of obscured AGN is much more steeper i ummos i ty dependence). To understand the cosmologi- 

uncertain and is the subject of intense debate. The observed C al history of accretion onto supermassive black holes (SMBHs) 

number statistics in current AGN samples is dominated by un- it is therefore necessary to map and understand the population 

obscured objects which are easier to discover (e.g. > 10 QSOs of obsC ured AGN and, in particular, of the most obscured and 

have been identified in the Sloan Digital Sky Survey), but sev- hence elusive ones ^ the so . ca n e d Compton-Thick (CT) nuclei, 

eral arguments suggest that obscured AGN must be in trinsically j e those obscured by column densities above ~ 10 24 cm" 2 . The 

more numerous. Deep X-ray surveys (see |Brandt & Hasingerj population of moderately obscured AGN in fact does not com- 

|2005| for a review) have indeed shown that, towards faint X-ray pletely account for the XRB peak intensity at 30 keV, to which 

fluxes, the surface density of obscured AGN overtakes that of C T AG N are expected to contribute fro m ~ 10% (ITreister et al.l 

unobscured AGN. Also, population synthesis models of the cos- |2QQ9bl) to ~ 25 - 30% (iGilli et al.l l2007). depending on the XRB 

mic X-ray background (XRB), suggest that obscured AGN out- model assumptions. In addition, the presence of a large pop- 

ulation of CT AGN across the cosmic epochs, would help in 
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that e xpected by integrating the accretion history of seed black 
holes dMarconi et al.l l2004t IShankar et al.ll2004) . Finally, pop- 
ular semi-analytic models of galaxy formation a nd evolution 
dKauffmann&Haehneld 120001: lMaralhetal.ll2008l). coupled to 
hydro dynamical simulations of galaxy mergers (Hopkins et al. 
2006), propose that nuclear activity is triggered during major 
mergers of gas-rich galaxies and that at its early stage, the AGN 
is embedded within optically thick gas shrouds. Despite these 
theoretical progresses, the cosmological evolution and luminos- 
ity function of CT objects is currently unknown, and in the syn- 
thesis models of the XRB it has been usually assumed to be equal 
to that of less obscured objects. Whether this is the case or not 
can only be determined by obtaining statistically significant sam- 
ples of distant C T objects a nd by comparin g them with the lo cal 
samples (see e.g. IComastrill2004l andlDella Cec a et al.ll2008l for 
reviews on nearby, bona-fi.de CT objects). 

The number of techniques devised to select CT AGN is 
rapidly growing, following the technological development of ef- 
ficient detectors across the electromagnetic spectrum. These di- 
verse selection techniques have allowed the first estimates of the 
space density of CT AGN in different redshift and luminosity 
regimes. 

Very hard X-ray selection, i.e. at energies above 10 keV, 
is unaffected by absorption up to a few xlO 24 cm -2 , but, be- 
cause of the still limited instrumental sensitivity, is mainly sam- 
pling the nearby Universe. The population o f CT AGN de- 
tected by I NTEGRAL/IBIS dTueller et alJl2008h and Swift/BAT 
dMalizia et alj|2009t) at z < 0.02 is indeed producing only a tiny 
fraction (<1%) of the cosmic XRB. 

Deep X-ray surveys in the more accessible 2-10 keV band 
are revealing large populations of heavily obscured objects in 
the redshift range z ~ [0.5-4]. The generally low photon statis- 
tics of the detected sources, however, prevent an accurate spec- 
tral analysis and Nh measurement. The CT nature of a faint X- 
ray source is therefore often inferred from the characteristics of 
the reprocessed spectrum, like the presence of a prominent flu- 
orescence Ka iron line over a flat continuum. Examples of dis- 
tant CT AGN selected with this technique have been found by 
iTozzi et all d2006l) and iGeorg antopou los et all (2007, 2009|) in 
the Chandra Deep Fields. The number of CT AGN candidates 
detected in the deep X-ray surveys appears to be in rather good 
agreement with the XRB models predictions. 

A very recent and promising approach to select CT can- 
didates in the distant Universe is based on their strong mid- 
IR flux, where most of the absorbed radiation s hould be re- 
emitte d (JMartinez-Sansigre et al. 200 5J). Recent ly, Daddi et all 
<l2007l) . lFioreetalJ (l2008! 2009h and I Alexander et alJ (l2008h lo- 
cated heavily obscured AGN in objects showing 24ytzm emission 
in excess of that expected from dust heated by stellar processes. 
By stacking the Chandra data of these mid-IR-excess objects, 
a very hard X-ray spectrum was observed, reminiscent of CT 
obscuration. These studies span a broad AGN luminosity range 
(Lx ~ 10 42-45 erg s _1 ), but mostly sample populations of objects 
at z ~ 2. The measured space density of CT AGN at these high 
redshifts is in general as large as expe cted from XRB synt hesis 
models or possibly even larger (see eg. Trei ster et al] l2009a). 

Another way to select obscured QSOs is through their high- 
ionization narrow optical emission lines, which are thought to 
be produced on physical scales (from ~ 0.1 to a few kpc) mostly 
free from nuclear obscuration. Recently, the [O YV]26fim line 
has been used to select obscured AGN among galaxies observed 
with SpitzerflRS. However, since this line quickly moves out 
of the observable IR bands as redshift increases, this selec- 
tion mostly concerns the nearby Universe dDiamon d-Stanic et alJ 



2009; iRigbv et aD 120091) . The most commonly used marker 
of obscured nuclear activity therefore remains the [O III]5007 
emission line, which is strong, falls in the optical domain, and 
allows object selection up to z ~ 0.8. 

The 2-10 keV to [O III]5007 flux ratio (X/OIII) has been of- 
ten used as a diagnostic for heavy obscuration i n source s with 
poor X-ray photon statis tics (Maiolin o et al.l[l99 8; Capp i et al.l 
120061: iPanessa et all 120061) being low X/OIII ratios (< 3, see 
e.g. Fig. 4 of ICappiet a l. 2006) highly suggestive of heavy 
nuclear absorpt i on. B ased on the \Q I II]5 007 emission line, 
IZakamska et al.l (120031) and lRevesetal.1 d2O08) identified in the 
Sloan Digital Sky Survey (SDSS) a population of obscured 
QSOs at a median redshift of z ~ 0.3, at l east as abundant a s 
that of type-1 QSOs at the same redshifts dReves et all 12008). 
These results have be en extended to lower luminosities by 
Bongiorn o et al.l (120091) . who measured the luminosity function 
of [O n il-selected type-2 AGN in the zCOSMOS spectroscopic 
survey dLillv et al.l l20071. finding that the fraction of obscured 
AGN is decreasing with luminosity, in agreement with what is 
observed in X-ray surveys. 

X-ray obse r vations of small samples drawn from the 



IZakamska et al.l (12003) catalog, suggest that about half of 
luminous type-2 QSOs (logLp/// > 9.3 L Q ) could be CT 
dPtak et al.ll2006t IVignali et al.ll2006l I2010L hereafter V10; see 



also lLamastra et al.l 120091 for X-ray observations of lower lu- 
minosity SDSS type-2 AGN). Since [O III] selection is likely 
missing objects in which also the Narrow Line Region (NLR) 
is extincted (like e.g. in the prototype CT AGN NGC 4945 and 
NGC 6240), the estimated t ype-2 QSO abu ndances should be 
considered as lower limits dReves et al.ll2008L V10). 

In this work we explore the possibility of using the high- 
ionization [Ne V]3426 emission line, rather than the [O III]5007 
line, as a tracer of obscured nuclear activity. Despite be- 
ing on average a factor of ~ 9 weaker than [ O III]5007 
dFerland & Osterbrock|[T985 IZakamska et al.ll2003f) and suffer- 
ing stronger dust extinction, the [Ne V]3426 line is commonly 
observed in nearby Seyfert galaxies and, given that high en- 
ergy photons (> 0.1 keV) are required to further ionize NelV, 
it is considered an unambiguous sign of nuclear activity (e.g. 
Schmidt et al. 1998). In addition, the [Ne V]3426 emission line 
is observable up to z ~ 1 .5 before being redshifted out of the op- 
tical bands, whereas the [O III]5007 line is observable only up to 
z ~ 0. 7 -0.8. Indeed, only 13 out of 887 [O III]-selected QSOs 
in the iReves et al.l (2008) sample lie at z > 0.7, with only 3 at 
z > 0.8. [Ne V]-selection may then be used to reveal nuclear ac- 
tivity in obscured sources at z ~ 1, i.e. at the epoch where most 
of the XRB light is thought to be produced. 

The structure of the paper is the following: in Section 2 we 
present and discuss the sample of nearby Seyfert galaxies used 
to calibrate the relation between [Ne V] and X-ray emission (the 
details of the sample are given in the Appendix). In Section 3 
we present the X/NeV diagnostic diagram and apply it to ob- 
scured and unobscured QSO population drawn from the SDSS. 
In Section 4 we present Chandra observations of a sample of 9 
[Ne V]-selected obscured QSOs at z ~ 1 in the SDSS and use the 
X/NeV diagnostic to estimate the fraction of CT objects among 
them. In Section 5 we discuss efficiency and biases of [Ne V] 
selection together with its application to sky areas with deep op- 
tical spectroscopy and X-ray coverage. In the same Section, the 
evidence of enhanced star formation in obscured QSOs at z=0.4- 
1.5 is also highlighted. The conclusions are drawn in Section 6. 
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Fig. 1. Observed 2-10 keV to [Ne V]3426 luminosity ratio (X/NeV) vs absorption column density for a sample of 74 Seyfert galaxies 
in the local Universe. The solid line shows the expected trend obtained by starting from the mean X/NeV ratio (X/NeV) observed 
in unobscured objects (i.e. those plotted at \ogNn - 20) and progressively obscuring the X-ray emission with increasing Nh (up 
to logiV# = 25.5) as plotted on the y-axis. Lower limits at \ogNn - 24 refer to Compton-Thick objects observed only below 10 
keV, while datapoints at \ogNn > 24 and lower limits at \ogNn - 25 refer to CT objects observed also above 10 keV, for which a 
more stringent determination of the column density is possible. The darker (lighter) shaded region is obtained by making the same 
computation as above but starting at +l<x (+90%) around (X/NeV) (see text for details). The region at low (< 15) X/NeV values is 
essentially populated only by CT objects. 



2. The local Seyfert sample 

We searched in the literature for nearby (z < 0. 1 ) AGN for which 
both [Ne V] and X-ray data are available. A total sample of 
74 objects were found with measured [Ne V] flux, 2-10 keV 
flux and X-ray column density Nh- The most difficult infor- 
mation to obtain was that on [Ne V] flux, since optical spec- 
tra are often limited at wavelengths > 3700A. On the contrary, 
the Nh and the 2-10 keV flux values for bright nearby ob- 
jects are more easily obtained either from published papers or 
from archival X-ray data. The main catalogs of optical/near- 
UV Seyfert spectra providing the [Ne V] fluxes used in this 



work a re those published by Malkanl (1986), Morris & Ward 
(ll988l) . IStorchi-Bergmann et all (11 995). Erkens et al.l(ll997l) ."as 
well as the compilation by Schmitt (1998). A public catalog 
of HST/STIS spect ra of nearby AGN has been released by 
ISpinelli et all (120061) . We note that the HST/STIS spectra have 
been extracted in apertures of 0.2" x 0.2", thus sampling phys- 
ical scales of a few tens of parsecs at the typical source red- 
shift. This physical scale is often too small to fully encompass 
the NLR, which indeed may extend up to a few kpc. We ver- 
ified that the [O III] and [Ne V] fluxes as measured on the 



Spinelli et al. (2006) spectra are often significantly lower (an or- 
der of magnitude or more) than those measured on larger aper- 
tures, especiall y in those objects in which an extended NLR has 
been revealed (Bianchi et al. 2006). Therefore, we avoided us- 
ing measurements obtained with HST/STIS and considered only 
those taken with larger apertures. All the [Ne V] fluxes used in 
this work come from apertures > 1.5". Whenever more than one 
measurement is available for the [Ne V] flux, we preferred the 
one obtained with the largest aperture. For 6 objects we mea- 
sured the [Ne V] line flux directly on the calibrated spectrum 
drawn from the catalog of 99 UV-optical spectra of nearby galax- 
ies released by Storchi-Bergmann et alQ. 

Since our main aim is to calibrate a diagnostic which can 
be applied to distant objects, we did not attempt to correct the 
[Ne V] fluxes for the reddening which may be intrinsic to the 
NLR. Indeed, while for local objects the extinction to the NLR 
can be easily measured through e.g. the ratio between the narrow 
components of Ha and Hf3, in distant AGN either Ha or both 
Ha and Hf3 are not observable and measuring the ratio between 
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the Balmer lines of higher order (e.g. HB/Hy, Hy/HS) is often 
unfeasible due to their weakness over noisy spectra. 

As for X-ray data, we generally preferred to use the values 
obtained with the most recent and sensitive satellites Chandra 
and XMM-Newton. When dealing with heavily obscured ob- 
jects, though, we considered data obtained with Suzaku and 
BeppoSAX in order to map the energy range above 10 keV and 
get either a measurement or a tighter lower limit on the ab- 
sorbing column (see Fig. Q}. Sometimes an observed 2-10 keV 
flux measurement is not directly quoted in the considered liter- 
ature papers: in those cases we estimated it using the published 
best-fit spectral parameters and/or 2-10 keV luminosity. For a 
few objects we analyzed archival X-ray data which were still 
unpublished. The full sample, along with [Ne V] fluxes, 2-10 
keV fluxes, Nh values and relative references is presented in the 
Appendix. 

2.1. Sample biases 

Although an effort has been done to find as many sources as 
possible, with both [Ne V] and X-ray information, the sample 
we built is by no means complete and cannot be considered suit- 
able for statistical studies. Objects in the sample have been tar- 
geted for observations for several different reasons. Moreover, 
since we require [Ne V] detection, the sample might be biased 
towards objects with stronger [Ne V] emission. Indeed, the ab- 
sence of a [Ne V] measurement may well be due to the lack of 
spectral coverage at 3426A, but also to excessively faint [Ne V] 
emission. Given that sometimes the information on the spectral 
coverage is missing and that not all optical spectra on which line 
measurements are derived have been published, it is often dif- 
ficult to judge what is the reason for the lack of [Ne V] data. 
On the contrary, whenever a source is observed in the X-rays, 
the fine sensivity of current X-observatories and the brightness 
of the considered nearby objects generally allow a measurement 
of both 2-10 keV flux and column density. Therefore, the sam- 
ple should not be biased towards X-ray bright objects. Also, 
those objects in which the NLR is relatively free from obscura- 
tion should preferentially appear in the sample. Indeed, even a 
modest reddening of E(B-V)=0.5 corresponds to a flux dump- 
ing by a factor of ~ 10 at 3426 A assuming standard extinction 
curves. Compton-Thick objects like NGC 4945 and NGC 6240, 
in which the NLR is affected by strong extinction, do not indeed 
appear in the sample. Because of the issues discussed above, the 
present sample is the one to be used when building a diagnostic 
diagram to be applied to samples of distant sources selected on 
the basis of their [Ne V] emission, which indeed would suffer 
from similar biases. 



3. The X/NeV diagnostic 

We computed the ratio between the flux observed in the 2-10 
keV band and that in the [Ne V]3426 emission line (X/NeV) 
for the local Seyfert sample described in the previous Section 
and plotted the X/NeV value against the measured X-ray ab- 
sorption (FigJTJ. This is essentially the same diagram worked 



We note that we found only very few local objects with [Ne V] 
emission and observed in the X-rays which show poor X-ray photon 
statistics, despite having similar X-ray fluxes to those analyzed in the 
previous Section. These objects were observed with very short expo- 
sures (e.g. by the XMM-Slew survey) and have not been considered 
here since it is not possible to have reliable information on their column 
density and hence place them in Fig.fJJ 



out bv iMaiolino et al.1 (1 19981 see also ICappi et al.l 120061 and 
iPanessa et al.l 12006) obtained by replacing the [O III] with the 
[Ne V] line. Working with local objects allows to deal with good 
optical and X-ray spectra and in turn provides a precise measure- 
ment of the X-ray absorption. Assuming that the [Ne V]3426 
flux is mostly produced in the NLR, far from nuclear obscura- 
tion which affects the X-ray emission, one would expect that 
the X/NeV ratio on average decreases with increasing column 
density. This is indeed what is observed (see FigQ]): the median 
X/NeV values for unabsorbed and for CT Seyferts are about 400 
and 7, respectively. For X/NeV< 15 almost all objects are CT. 
For X/NeV< 100 about 50% of the objects are CT, while 80% 
are still obscured by columns larger than 10 23 cm -2 . The CT 
outlier with X/NeV~800, NGC 3281, likely suffers from extinc- 
tion in the NLR. NGC 6240 and NGC 4945 do not even appear 
in the diagram. Therefore, low X/NeV ratios would select clean 
samples of CT AGN, i.e. not significantly contaminated by low- 
obscuration sources, but not complete. 



We note that, for unabsorbed Seyferts, the mean and me- 
dian X/NeV values are almost identical and very similar to 
what is o btained by sca l ing do wn the average X/OIII value ob- 
tained bv IPanessa et al.l (2006) for Seyfert Is by a factor of 9, 
i.e. the average OIH/NeV emission line rat io measured for lo- 
cal Seyferts (e.g. lShuder & Osterbrocknl981l) . The solid line in 
Fig. Q] has been obtained starting from the mean X/NeV ratio 
observed in unobscured Seyfert Is (i.e. those with \ogNn fixed 
to 20 in Fig.Q]) and progressively absorbing the 2-1 keV flux 
of uno bscured AGN using the spectral templates of Gill i et al.l 
(l2007h . In particular, the 2-10 keV emission in CT AGN with 
\ogNn > 24.5, mostly dominated by the Compton-reflected con- 
tinuum, has been assumed to be about ~ 2% of the intrinsic one 
in the same band. The darker (lighter) shaded region has been 
obtained using the \cr (90%) limits of the X/NeV distribution of 
unabsorbed Seyferts. Most objects lie within the shaded regions, 
in agreement with the expectations that nuclear absorption af- 
fects the X-ray emission only. However a few notable exceptions 
are present. For instance, the object with the highest X/NeV ra- 
tio in Fig. []] is NGC 2992, a Seyfert 1.9 galaxy in which the 
X-ray flux has been observed to vary by a factor of 20 over the 
years, likely as a consequence of switching on and off of its 
nuclear activity (Gilli et al. 2000) and/or flares in the inner ac- 
cretion disk (Murp hy et alj|2007l) . Using the average X-ray flux, 
rather than the high-state X-ray flux as done in Fig.[T] would shift 
NGC 2992 in the shaded area where most of the sources lie. This 
highlights the problem of dealing with variable sources and non- 
simultaneous optical and X-ray observations, which increases 
the dispersion of the X/NeV distribution. Absorption variations 
are also important. Indeed, the lightly obscured object (\ogNn < 
21) with t he lowest X/NeV ratio (X/NeV~ 20) is the dwarf AGN 
POX 52 (Bart h et alJl2004l). which shows ra pid X-ray flux and 
absorption variability dThornton et alj r2008). Based on the ob- 
served variability, the position of POX 52 on the diagram can 
shift from the plotted position to X/NeV~ 10 and \ogN H - 22.8, 
in the region populated by obscured objects. Finally, it is worth 
noting that in radio-loud objects an additional X-ray component 
coming from the jet emission, produces a shift towards higher 
X/NeV ratios than radio-quiet objects: indeed ~ 90% of the ra- 
dio galaxies in our samples show X/NeV ratios larger than 400, 
including some of the objects falling on the right of the shaded 
region in Fig.Q] while the same fraction is ~ 25% for the radio- 
quiet galaxies. 
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Fig. 2. The X/NeV vs N H diagram (see Fig.[B applied to different samples of SDSS QSOs. The blue SDSS QSOs in the lYoung et"ail 
(2009, Y09) catalog populate the same region of unobscured Seyfert Is in the local Universe: filled circles are high-significance 
X-ray detections for which the Nh values have been measured from the spectral fits by Y09; open circles are low-significance or non 
X-ray detections in Y09, which have been plotted at log/V// = 21.5 (see Section 3.1 for details). The obscured SDSS QSOs in the 
V10 sample are plotted as open squares (Compton-Thick candidates are placed at logNn = 24.2). Objects which have been classified 
as Compton-Thick (-Thin) by Vignali et al. (2010, V10) on the basis of the their low (high) X/OIII ratio, show correspondingly low 
(high) X/NeV ratios, and hence would be also classified as Compton-Thick (-Thin) based on this new diagnostic. The [Ne V]- 
selected obscured QSOs investigated in this work are shown as filled triangles. The two objects classified in Table [3] as likely CT 
QSO candidates based on their X/NeV ratio and/or X-ray spectral properties, are plotted at \ogNn - 24 (see also Section l4~2l ). For 
comparison, the position of the SDSS-observed, well-known CT QSO IRAS09104 is also shown with a filled square. 



3.1. SDSStype-1 QSOs 

We applied the X/NeV diagnostic ratio derived in the local 
Universe to distant obscured and unobscured QSOs in the SDSS. 
It is important to note that what is needed here is the 2-70 keV 
rest frame flux (or luminosity) prior to absorption correction, to 
make a meaningful comparis on with th e local sample. We first 
considered the catalog of lYoung et al . (2009, hereafter Y09), 
who collected a sample of 792 QSOs in the SDSS DR5 selected 
primarily by their blue optical colors and serendipitously ob- 
served by XMM-Newtoi\J By matching the Y09 sample with 
the SDSS spectroscopic tables we found 94 objects in the red- 
shift range z = [0.12- 1.50] for which i) the [Ne V]3426 emis- 
sion line is detected at > 3<x and ii) have been detected in the 
X-rays at > 6<x, which is the threshold adopted by Y09 to per- 
form X-ray spectral fits and measure both the observed 2-10 keV 
rest frame flux and the column density Nh- To check for possi- 



ble problems in the determination of the [Ne V]3426 flux related 
to the SDSS automatic procedures, we visually inspected the 94 
SDSS spectra above and found 11 objects in which the listed 
detection of [Ne V] emission is seriously affected by instrumen- 
tal features and sky residuals. These objects were then removed 
from the sample. We also noticed that the line parameters listed 
in the SDSS spectroscopic tables are not accurate for weak emis- 
sion lines over a steep continuum. For instance, in about one 
quarter of SDSS QSOs, the [O II]3727 emission fine (see the 
Discussion) appears as an absorption line due to an overestimate 
of the continuum. We then retrieved the SDSS spectra and per- 
formed a Gaussian fit to the emission lines we were interested in, 
deriving fluxes, luminosities, and rest frame equivalent widths. 
All the emission line parameters used in this work for SDSS ob- 
jects are derived from our direct fits. Whenever we compared 
our line measurements with those performed by other Authors 
on the same SDSS spectra (e.g. for a subsample of type-2 QSOs 
in lZakamska et al. 2003), we found an excellent agreement. 



We considered the catalog tables as updated in Young et al. 2009, 
ApJS, 185, 250 
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The X/NeV vs N H relation for the 83 SDSS QSOs selected 
above is shown in Fig. [2] Most objects are unobscured and pop- 
ulate the same region of local Seyfert 1 galaxies. The median 
X/NeV ratio for SDSS QSOs is 370, almost identical to the 
value of 400 found for local Seyfert Is. The few objects show- 
ing significant intrinsic X-ray absorption appear in the optical as 
intermediate type Seyferts (i.e. 1.8-1.9) rather than pure type-1 

agnQ 

To check for possible outliers, e.g. blue SDSS QSOs with 
very low X/NeV ratios (< 15, as observed for local CT Seyferts), 
we also considered those objects in the Y09 catalog showing 
significant [Ne V] emission and which were either just detected 
(13 objects) or completely undetected (3 objects) in the X-rays. 
We verified that only two objects - appearing in the optical as 
classical, blue, broad line objects - based on the [Ne V] flux we 
measure and on the 2-10 keV rest frame flux in the Y09 cat- 
alog, would nominally show X/NeV< 15. We double checked 
the X-ray fluxes of these sources based on literature data (i.e. a 
Chandra 50ks exposure available for one of them, providing a 
good quality spectrum with 200 photons, and the 2XMM cata- 
log results for the other source) and found that, while the soft 
X-ray fluxes are in agreement with the Y09 values, the 2-10 
keV fluxes appear significantly (i.e. a factor of 5-10) higher than 
those in Y09. Both objects are hard sources and, in particular, 
the one falling in the Chandra ACIS-I field appears to be ab- 
sorbed by Nh > 10 22 cm~ 2 . We speculate that the likely reason 
for the mismatch in the 2-10 keV fluxes is that in Y09 the X-ray 
fluxes of objects with only a few photons are obtained by using a 
photon index fixed to 1 .9, which, for hard sources may severely 
underestimate the X-ray flux above 2 keV. Using the correct 2- 
10 keV fluxes, the two objects have X/NeV values between 40 
and 60. The X/NeV ratios of the 13 low-significance XMM- 
Newton detections and X/NeV upper limits to the 3 XMM- 
Newton non-detections are shown in Fig.[2]as open circles placed 
at logAff/=2 1.5, since for the majority of these objects there is ev- 
idence of absorption in their optical SDSS spectra. Their X/NeV 
values are distributed from ~ 20 to ~ 300, i.e. they are shifted 
towards smaller values than those of local Seyfert Is and of 
high-significance XMM-Newton detections in Y09. In principle, 
if broad line QSOs reach X/NeV ratios as low as ~ 20, then one 
might suspect that more obscured sources, e.g. those absorbed by 
columns around ~ 10 23 cm~ 2 could easily contaminate the CT 
regime (X/NeV< 15) defined in the previous Section. We note 
however that, as discussed above, the X/NeV value could have 
been underestimated for many of the low-significance XMM- 
Newton detections in Y09. Furthermore, the two XMM-JVovton 
non-detections with X/NeV~ 20 appear in the opti cal as pure 
narrow-line Seyferts and are in fact also listed in the Reves et al.l 
(2008) type-2 QSO catalog. Likely, both objects are significantly 
absorbed, in principle even CT, and we show them as lower lim- 
its on Nh in Fig. [2] Based on these checks we conclude that the 
CT region defined in the previous Section is not contaminated 
by SDSS blue, unabsorbed QSOs although some mild contami- 
nation by moderately absorbed sources might still be possible. 

3.2. SDSS type-2 QSOs atz~ 0.5 

We then considered the objects presented by V10 (see also 
Vignali et al. 2006), who have combined proprietary and 
archival X-ray observations of a samp le of 25 objects out o f 
291 [O III]5007-selected type-2 QSOs (IZakamska et al.ll2003l) . 



The objects in the V10 sample populate the redshift inter- 
val z ~ [0.3 - 0.7] and have [O III] luminosities in excess of 
1.9 x 10 9 Lq. Based on the observed X/OIII ratio, V10 divided 
their sample into 8 Compton-Thin QSOs and 17 CT QSOs can- 
didates. We considered here the 21 objects in which the [Ne V] 
line is detected at > 3<x level. Visual inspection of these 21 
objects does not show any fake [Ne V] emission. We placed 
the V10 objects in the X/NeV vs Nh diagnostic diagram (see 
Fig. |2): an almost perfect correspondence is found between the 
X/OIII and X/NeV classifications: all the 8 objects classified 
as Compton-Thin by V10 are also classified as Compton-Thin 
based on their X/NeV ratio. Conversely, 11 out of 13 objects 
which appear as CT candidates in V10, are also classified as 
CT using the X/NeV< 15 threshold. This may not be surpris- 
ing given that both [O III] and [Ne V] lines should trace the 
intrinsic AGN power. However, this is a proof that the X/NeV ra- 
tio can be used as a diagnostic for revealing heavy obscuration. 
In Fig. [2] we also show the position o f the well known distant 
(z = 0.44) CT QSO IRAS09104+4109 JFranceschini et alfeOOOt 
llwasawaet all 12001 at iPiconcelli et all l2007bl) . whose SDSS 
optical spectrum reveals a clear [Ne V]3426 emission line. 
IRAS09104 falls in a region of the X/NeV diagram which, based 
on the local Seyfert sample presented in Section [3] is equally 
populated by CT and Compton-Thin objectsjj 

It is worth noting that the source distribution of SDSS objects 
in Fig. [2] appears to be less dispersed that that of local Seyferts 
in Fig. Q] This may be related to the fact that i) SDSS objects 
are intrinsically more luminous, hence less variable, than local 
Seyferts and ii) they are located at higher redshifts, which allows 
the SDSS 3" fibers to encompass the whole [Ne V]-emitting re- 
gion, thus reducing aperture issues. 



4. SDSS obscured QSOs at z ~ 1 

4.1. Sample selection 

To directly apply the X/NeV obscuration diagnostic to distant 
AGN, we tried to select SDSS obscured QSOs at z ~ 1 on the ba- 
sis of their [Ne V] emission. We searched in the SDSS DR7 en- 
tire spectroscopic database (table SpecPhotoAll on the SDSS 
site) for objects with high [Ne V] EW, since nuclear obscuration 
should suppress the AGN continuum but not the flux of the lines 
produced in the NLR. 

We concentrated on objects with 0.8 < z < 1.4, i.e. those 
not accessible through [O III] selection (thus excluded from 



n (tl 
IDE 



the IZakamska et all 120031 and iReves et al.l 12008 samples), and 
in which the [Ne V] line is observed at A < 8200A, where the 
SDSS spectral efficiency is highest. To avoid spurious detec- 
tions, we conservatively considered those objects in which the 
[Ne V] line is detected at > 5cr in the SDSS spectral tables and, to 
avoid strong contamination from unobscured, broad line (type-1) 
AGN, we restricted the search to those spectra with Mgll 2800 
emission with FWHM< 3000 kms" 1 . The cut in the Mgll 2800 
line width is not stringent: this leaves in the sample obscured 
QSO candidates with broad optical lines and a red continuum, 
such as the r ed-QSO population described e.g. by Wilkes et al. 
(120021 120051) . The resulting median, rest frame [Ne V] EW of 
the sample is 2A. We considered the high EW tail of the distri- 
bution, i.e. the objects with EW >4A in the SDSS spectroscopic 
tables (89 objects). In Fig. [3] we show the correlation between 



4 One of them is i ndeed also in cluded in the t ype-2 QSOs catalog by 



Zakamska et al. (2003) and in the lVignali e t al. (200d l2010h samples 



in the type 
i et all OOi 



5 The CT nature of IRAS09104 has been questioned by 
Piconcelli et al. (2007b), who nonetheless measured heavy absorption 
(logNtf ~ 5 x 10 23 cirT 2 ) in this source. 



Table 1. Basic sample properties 
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Table 2. Log of X-ray observations 



SDSS Name 


z 


R 


fNeV 


EW NeV 


(1) 


(2) 


(3) 


(4) 


(5) 


J105951. 36+301817.4 


0.887 


19.667 


8.12 


8.3 


J092640.67+023628.7 


1.306 


20.658 


7.76 


14.3 


J034222.54-055727.9 


0.882 


19.846 


6.83 


7.5 


J104603. 17+071907.2 


0.888 


20.191 


5.73 


10.7 


J165158.61+432508.6 


0.853 


20.093 


4.20 


5.9 


J080859.33+204711.8 


0.908 


21.059 


4.98 


21.0 


J125 848.58+120531.1 


1.035 


20.013 


5.13 


7.9 


J145503.94+5 15539.9 


1.277 


19.466 


2.00 


2.6 


J085600.88+371345.5 


1.022 


21.278 


4.05 


19.3 



Column description: (1) 
magnitude in the R-band 
10- 16 ergcm- 2 s _1 .(5)[N' 
of Angstrom. 



Source name. (2) Redshift. (3) SDSS PSF 
. (4) Measured [Ne V]3426 flux in units of 
e V]3426 rest frame equivalent width in units 
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Fig. 3. Relation between rest frame equivalent width of the 
[Ne V] line and X-ray obscuration for the various samples of 
SDSS QSOs considered in this work. Symbols are as in Fig. [2] 
The equivalent width of the [Ne V] line clearly correlates with 
X-ray obscuration. The dashed line shows the EWnbV > 4A limit 
used to select the Chandra targets analyzed in this paper. 



the [Ne V] EW and the X-ray absorption as measured for the 
SDSS QSO and type-2 QSO samples discussed in the previous 
Sections: most objects with EW >4A do show significant X-ray 
absorption, validating the use of this EW threshold. 

We visually inspected all the 89 selected spectra to verify 
possible problems related to the SDSS automated procedure and 
to discard QSOs showing a blue continuum. At the end of this 
process, we selected 27 objects which, based on their optical 
spectrum, appear to be good obscured QSO candidates at z ~ 1 . 



6 In Fig.[3]the 9 [Ne V]-selected targets discussed in the next Section 
are also shown. After re-fitting the SDSS spectra one object shows 
EW ~ 2.6A, i.e. below the EW >4A threshold chosen in the SDSS spec- 
troscopic tables. The re-fitted [Ne V] fluxes and EWs of the remaining 
8 objects are instead found to differ by only a few percent from those 
resulting from the SDSS automated fit procedure. 



SDSS Name 


Obsld 


Date 


Exp. 


(1) 


(2) 


(3) 


(4) 


J105951.36+ 301817.4 


10325 


2009-01-29 


10.0 


J092640.67+023628.7 


10326 


2009-03-23 


10.0 


J034222.54-055727.9 


10327 


2008-12-02 


9.8 


J104603. 17+07 1907.2 


10328 


2009-02-10 


10.0 


J165158.61+432508.6 


10329 


2009-06-30 


10.0 


J080859.33+204711.8 


10330 


2008-12-22 


10.0 


J125848.58+120531.1 


10331 


2009-02-23 


9.2 


J145503.94+515539.9 


10332 


2009-07-27 


10.0 


J085600.88+371345.5 


6807 


2006-02-17 


10.3 



Column description: (1) Source name. (2) Chandra observation identi- 
fier. (3) Observing date (yyyy-mm-dd). (4) Exposure time in ks. 



4.2. Chandra observations 

In Chandra Cycle 10 we were awarded lOks ACIS-S observa- 
tions of 8 targets which, based on their optical spectrum, were 
considered as good obscured QSOs targets (i.e. they show ei- 
ther narrow emission lines only or broad, 2000<FWHM<3000 
km s , fines over a red continuum). Observations have been per- 
formed between December 2008 and July 2009, with the S3 chip 
at the aimpoint and using the very faint telemetry mode. We per- 
formed standard data reduction and extraction of spectra using 
CIAO v3.2.2. A lOks ACIS-S observation of an archival object 
(SDSSJ085600, PI Strauss) satisfying our selection criteria has 
been also analyzed. 

The basic optical properties of these 9 objects (redshift, R- 
band magnitude, [Ne V] flux and rest-frame EW) are shown in 
Table [TJ while the journal of Chandra observations is shown in 
Tabled 

Apart from the archival object, which shows only 2 X-ray 
photons within 1.5" of the optical source position, all the other 
targets were detected, with photon statistics ranging from 18 
to 313 counts in the 0.5-8 keV band. Spectral fitting was per- 
formed using XSPEC vl 1.3.1. Standard^ 2 minimization has 
been adopted for spectra showing more than 100 counts in the 
0.5-8 keV band, bin ned to a m inimum of 10 counts per en- 
ergy bin. C-statistics dCashll 19791) has been used for spectra with 
lower photon statistics, binned to a minimum of 3 counts per bin. 
Model fits consist of simple power-laws modified by Galactic 
absorption and absorption at the source redshift. Errors on the 
best fit spectral parameters are quoted at 90% confidence level 
for one interesting parameter. 

Four sources have been detected with sufficient photon statis- 
tics (> 100 counts) to perform a rough spectral analysis and 
classify them as Compton-Thin, as also suggested by their soft 
hardness ratios (HR< -0.3). One object, namely SDSSJ080859, 
shows a faint (18 counts), very hard (HR=0.8) spectrum with a 
hint of excess emission at ~ 3.3 keV. If the excess is interpreted 
as a redshifted 6.4 keV iron Ka emission line superimposed to 
a hard power-law continuum (F = - 1 .2), this would imply a rest 
frame equivalent width of EW = 2.8*2 \ keV. The X-ray spec- 
tral features of SDSSJ080859 are therefore highly suggestive 
of CT absorption. Three objects (SDSSJ092640, SDSSJ104603 
and SDSSJ125848) are intermediate cases in terms of both pho- 
ton statistics (from 18 to 65 counts) and X-ray hardness (from 
HR=-0.16 to -0.05). By fitting the data with an absorbed power- 
law (fixing T to 1.8 for two of them), these sources appear to be 
Compton-Thin. All the detected sources have relatively bright 
observed 2-10 keV fluxes (> 3 x 10~ 14 erg cm -2 s _1 ) and rest- 
frame 2-10 keV luminosities > 10 44 erg s" 1 (prior to absorption 
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Table 3. Results from X-ray data analysis and spectral fitting 



SDSS Name 
(1) 


Cts 
(2) 


HR 

(3) 


N gc " 
(4) 


N H 

(5) 


r 

(6) 


X 2 /dof 
(7) 


.72-10 

(8) 


/ abs 
L 2-10 

(9) 


j bit 

L 2-10 

(10) 


class 
(11) 


J105951.36+ 301817.4 
J092640.67+023628.7 


237 
65 


-0.30 
-0.06 


2.0 

3.8 


1.84+ 105 

4 zm+^ti 
^•^ -2.70 


L90+ 35 

1.67 + ° : " 

1 oQ+0!56 
1.8 J _ Q4 , 

\.W lxed 


25.6/20 


16 

6.8 


44.70 
44.61 


44.80 
44.75 


thin 
thin? 


J034222.54-055727.9 


175 


-0.50 


5.3 


0.70+0" 
3.1^1 


10.4/13 


13 


44.60 


44.61 


thin 


J104603. 17+071907.2 


31 


-0.16 


2.8 




3.7 


44.04 


44.15 


thin? 


J165158.61+432508.6 


313 


-0.38 


1.9 


72 +0 - 55 
44 


1 76+ 033 
' -Q.3,0 

1 9+0.9 

Infixed 


20.7/27 


19 


44.76 


44.79 


thin 


J080859.33+204711.8 


18 


0.80 


4.0 






14 


43.95 


45.65* 


thick 


J125848.58+120531.1 


18 


-0.05 


2.2 


2.5 +3 -° 
36 + ^ 8 

U - J -0.36 




1.8 


43.88 


43.97 


thin? 


J145503.94+5 15539.9 

J085600.88+371345.5 


125 
<4 


-0.43 


1.8 
2.9 


i 09+O.58 
L82 -0.41 


14.4/9 


5.7 
<2.0 


44.67 
<43.50 


44.69 
<45.20* 


thin 
thick 



Column description: (1) Source name. (2) Net counts in the 0.5-8 keV band. (3) Hardness ratio, defined as (H-S)/(H+S), where H and S are the num- 
ber o f photons observed in the 0.5-2 keV and 2-8 keV bands, respectively. (4) Galactic column density in units of 10 20 crrT 2 (Dickev & Lockman 
1990). (5) Absorbing column density at the source redshift in units of 10 cm . (6) Photon index. (7) Chi-square value over number of degrees 
of freedom: for sources with less than 100 net counts C-statistics has been used. (8) Observed 2-10 keV flux in units of 10~ 14 erg cirT 2 s . (9) 
Logarithm of the 2-10 keV rest frame luminosity, not corrected for absorption, in units of erg s . (10) Logarithm of the intrinsic 2-10 keV rest 
frame luminosity, i.e. corrected for absorption, in units of erg s -1 ; *for the two candidate Compton-Thick objects it is assumed L"" = 50xL obs 
(see text). (11) Object classification based on the X-ray spectral analysis and the X/NeV ratio. 



corrections), placing them among luminous obscured QSOs. As 
for the archival undetected object, SDSSJ085600, by assuming a 
2-10 keV band detection limit of 4 photons and a pure reflection 
spectrum (pexrav in XSPEC), the corresponding upper limits 
to the observed 2-10 keV flux and rest frame luminosity, are 
2xl0~ 14 erg cm" 2 s" 1 and 3x 10 43 erg s _1 , respectively. A sum- 
mary of the results obtained from the X-ray analysis of these 9 
objects is given in Table[3] Optical and X-ray spectra are shown 
in Fig. [A3] 



4.3. Position on the X/NeV diagram 

We placed the new 9 SDSS obscured QSOs at z ~ 1 on the 
X/NeV diagram (see Fig. [2]). The archival undetected X-ray ob- 
ject SDSSJ085600 shows X/NeV< 15, which is strongly sugges- 
tive of CT absorption. Indeed, most SDSS QSOs classified as CT 
by V10 do show X/NeV ratio below this value, while all those 
classified as Compton-Thin by V10 lie at X/NeV> 100. 

The faint (18 X-ray counts) object SDSSJ0808 has X/NeV= 
45. This value has been observed in both CT and Compton-Thin 
AGN (see Fig. [TJ, but, based on the X-ray spectral analysis, 
SDSSJ0808 appears to have all the signatures of CT absorption. 
We then classify SDSSJ085600 and SDSSJ0808 as likely CT 
candidates. 

The four objects with highest photon statistics have also the 
lowest absorption and the highest X/NeV ratios (X/NeV> 150), 
and occupy a region of the diagram which is populated by the 
Compton-Thin QSOs in V10 an d by the obs c ured tail of the 
broad line SDSS QSOs studied bv lYounget ai](l2009l) . 

Finally, three objects do show X/NeV ratios in the range 20- 
60, which are typical of heavily obscured AGN, but are still con- 
sistent with Compton-Thin absorption. Both the X-ray and opti- 
cal spectra of these sources would favor mild absorption, hence 
a Compton-Thin interpretation, although no clear cut classifica- 
tion can be made with the current data. 

We note that the actual degree of obscuration of our two 
CT candidates SDSSJ085600 and SDSSJ0808 can only be con- 
firmed by obtaining good-quality X-ray spectra through deeper 
observations. Indeed, any selection method which simply relies 
on X-ray hardness ratios, or on the comparison between the 
measured, obscured X-ray emission (if any) with some other 



indicator of the intrinsic nuclear power (e.g. dust-reprocessed 
IR-emission, or high-ionization, narrow optical emission lines) 
can only provide an indirect way to select CT AGN. Different 
caveats and limitations affect these different selection methods, 
like e.g. reddening in line-selected sources and contamination 
from star formation in IR-selected sources. 



5. Discussion 

5. 1 . [Ne V] as a good tracer of nuclear luminosity: effects of 
reddening in the Narrow Line Region and anisotropy 

The X/NeV vs X-ray absorption diagnostic diagram presented in 
Section 3 has been derived directly from observed values, with- 
out applying any corrections to either [Ne V] or X-ray emis- 
sion. The rationale behind is that X-rays come from the inner- 
most nuclear regions and can be depressed by small scale (<1 
pc) absorption, while the [Ne V] is instead a good indicator of 
the intrinsic nuclear luminosity being i) emitted on larger (kpc) 
scales, free from nuclear obscuration and ii) being isotropic. We 
now discuss whether this two hypotheses are satisfied and what 
happens if they are not. 

As for the first point, we note that significant extinction 
towards the NLR is comm only observed in local AGN (e.g. 
iDahari & D e Rober tislll988l) . Under the simplest version of the 
AGN unification schemes, one would expect to observe sim- 
ilar properties in the NLR of both type-1 and type-2 AGN. 
Therefore, if the dust content in the NLR of both AGN types is 
the same, the same extinction correction should be applied to the 
measured values of the [Ne V] lines, which would simply shift 
towards lower X/NeV values all the datapoints in Fig. [TJ and [2] 
without al tering the X/NeV vs Nh trend . However, based on the 
results by Dahari & De Robertis (1988), there is some evidence 
that the extinction to the NLR in local Seyfert 2s is somewhat 
higher than in Seyfert Is, the following relation holding for the 
median values: Ay —A y y ~ 1.5- 1.0 = 0.5 . Using standard ex- 
tinction curves (e.g. Gaskell & Benker 2007), this translates into 
an average correction in the [Ne V] flux a factor of ~ 2.3 larger in 
Seyfert 2s than in Seyfert Is. Applying some extinction correc- 
tion to both the observed data and model curves would then pro- 
duce a stronger shift towards lower X/NeV ratios in Seyfert 2s 
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than in Seyfert Is, making the anti-correlation between X/NeV 
ratio and obscuration even more evident. 

At any rate, our main interest is on the possibility of applying 
the X/NeV diagnostic ratio to z ~ 1 objects, for which it is often 
impossible to measure the extinction to the NLR because of the 
lack of strong Balmer lines in the optical spectrum. Therefore, 
we simply do not apply any reddening correction to the mea- 
sured [Ne V] fluxes. 

As for the second point, the isotropy of [Ne V] emission, 
we note that there is some evidence that the [Ne V] lines in 
SDSS type-1 QSOs are broader than in type-2 QSOs. As an ex- 
ampl e, in the composite spectrum of QSOs from the 2dF sur- 
vey (ICollessetal]l200l[) the [Ne V] width (FWHM- 1200 km 
s ) is found to be in-between that of broad lines (e.g. H/3 and 
Mgll, FWHM- 4000 km s" 1 ) and that of narrow lines (e.g. [O II] 
and[Q III], FWHM- 600 km s" 1 ; see Fig.2 in ICorbett et all 
l200l . 

According to the standard Unified Model, this would sug- 
gest that, whenever a direct look towards the nucleus is avail- 
able, an additional broader [Ne V] component is observed, com- 
ing from low density and fast moving clouds which cannot be 
observed in type-2 AGN, possibly being located in-between the 
BLR and the NLR. If this is true, then the total [Ne V] emis- 
sion line in not a good isotropic indicator of the intrinsic AGN 
power, since in type-2 objects only a portion of the [Ne V] emit- 
ting region can be observed. If anything, this would go in the 
direction of underestimating the total [Ne V] luminosity in type- 
2 AGN. Correcting for this effect, would make the X/NeV ra- 
tio even lower in type-2 AGN. To summarize, if corrections for 
reddening and anisotropy were applied, the X/NeV vs Nh trend 
shown in Fig. [2] would be even stronger. 

5.2. Comparison between [O III] and [Ne V] selection 

As discussed in Section 4.2, 2 out of 9 [Ne V] -selected type-2 
QSOs (»s 22%) appear to be likely CT candidates based on their 
X-ray spectral properties and/or X/NeV ratio. At face value, the 
fraction of [Ne V] -selected CT QSO candidates appears lower 
than that based on [O III] selection, which is around 60-70% 
(V10). However, we note that the difference between the CT de- 
tection rate can be mainly ascribed to intrinsic differences in the 
two parent samples of obscured QSOs. Indeed, our sample also 
includes obscured QSOs which have a red continuum but still 
do show broad optical lines. These objects (see Fig. IA.3I ), ap- 
pe ar to be part of the population of red QSOs disc ussed e.g. 
by IWilkes et alj (|2002, 2005]) and lUrrutia et alj d2005h . which 
on average are absorbed by columns below Nh = 10 23 cm -2 . 
On the contrary , V10 selected their objects from the sample of 
IZakamska et alj d2003l) . in which strict criteria on the line width 
have been adopted, producing an ensamble of pure type-2 ob- 
jects. As a simple check, when considering only those [Ne V]- 
selected objects which look like pure type-2 spectra (e.g. Mgll 
FWHM < 2000 km s" 1 ) the fraction of CT candidates increases 
to =»50% (2/4). Despite the very low statistics, this fraction is 
consistent with what has been found by V10, suggesting that, 
when the search is restricted to pure type-2 objects, [Ne V] se- 
lection may be an efficient way to pick up CT AGN at z ~ 1 . 

5.3. Application of the X/NeV diagnostic to spectroscopic 
surveys with deep X-ray coverage 

Synthesis models predict that from 10% to about 30% of the 
XRB at 30 keV is not accounted for by the integrated emis- 



sion of Compton-Thin AGN. This "missing" background is ex- 
pected to be produced by Compton-Thick AGN, and most of 
it is expected to be produced by CT AGN with Seyfert-like in- 
trinsic luminosities at a redshift of z ~ 1. The [Ne V] -selected 
CT QSOs in the SDSS represent the high-luminosity, low space 
density tail of the distribution of CT AGN at z ~ 1, and are 
expected to provide only a minor contribution to the missing 
XRB. Selection of lower-luminosity CT AGN at z ~ 1 is there- 
fore needed, which can in principle be done by applying the 
X/NeV diagnostics to objects in sky areas with deep spectro- 
scopic surveys and deep X-ray coverage. As an example, the 
combination between the zCOSMOS-bright spectroscopic sur- 
vey (Lilly et al. 2007, 2009) and the Chandra -COSMOS X-ray 
surve y dElvisetal .112 009: Pu ccetti et ai]|2009l) in the COSMOS 
field dScovilleet all 120071) would be able to identify CT AGN 
at z ~ 1 down to intrinsic Lx ~ 10 43 erg s , i.e. the population 
which is thought to produce a large fraction of the missing XRB 
(Vignali et al. in preparation). In the GOODS-S and -N fields, 
the population of CT AGN at z ~ 1 can be tracked further down 
to intrinsic Lx of 10 42 erg s _1 . Furthermore, since the CT sam- 
ples obtained using the X/NeV diagnostic appear to be relatively 
free from contamination by less obscured objects, by using spec- 
troscopic surveys with well defined selection functions it would 
be possible to estimate the space density of this missing AGN 
population. 

It has to be noted that selection of obscured AGN through 
the [Ne V]3426 line is most likely a lower limit, since it misses 
objects with dusty Narrow Line Regions, which can instead be 
picked up by mid-IR selection (Daddietal. 2007; Fiore et al. 
2008). However, when sufficiently deep mid-IR coverage is not 
available for spectroscopic survey fields, [Ne V] -selection may 
then represent a promising and ready-to-use method to get large 
samples of z ~ 1 CT AGN. In addition, the comparison between 
the space density of [Ne V] and mid-IR selected objects with 
similar redshifts and bolometric luminosities in fields with full 
multiwavelength coverage, may indicate the fraction of objects 
in which the NLR is free from obscuration, thus constraining the 
physical scale on which absorption arises. 



5.4. Enhanced star formation in type-2 QSOs? 

Popular semi-analytic models of galaxy form ation and 
evolution (Kauffm ann & Haehneltl l2000t iMarulli et all 120081: 
Hopkins et al. 2008) propose that, at least for the most massive 
and luminous objects, nuclear activity and star formation are 
both triggered by major mergers of gas rich galaxies, and that at 
the early stages of the merger, when star formation is more vig- 
orous, the AGN is embedded within optically thick gas shrouds. 
According to this scenario one can therefore expect to observe 
strong star formation in obscured QSOs. 

At redshift z ~ 2, the concurrent obscured black hole growth 
and star formation has been observed in the population of bright 
submillimeter s ources 
shifts (z < 0.3), iKimi 



:s (e.g . [Alexander et al.ll2005l) . At low red- 
l et al.1 (120061) 



noted that the ratio between 
the luminosity of the [O II]3727 line and the [O III]5007 line 
is a factor of ~ 4 h i gher i n the type-2 QSO composite spectrum 
of IZakamska et al. (2003p than in the average spectrum of type- 
1 QSOs. Because of the similar [O III] luminosity of the two 
populations, the excess of low-ionized oxygen in type-2 QSOs 
could not be explained in terms of different ionization param- 
eters of the Narr ow Line Regions, and was then interpreted by 
Kim et al.l d2006l) as due to enhanced star formation in type-2 
QSOs. 
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Fig. 4. [Ne V] luminosity {upper panel) and intrinsic 2-10 keV 
rest frame luminosity (lower panel) vs redshift for the different 
SDSS QSO samples presented in this work. Symbols are as in 
the previous Figures. For Compton-Thick QSO candidates, we 
assumed that the intrinsic 2-10 keV rest frame luminosity is a 
factor of 50 larger than the observed one. The dashed line shows 
the z > 0.4 threshold adopted to compare the [O II], [Ne V] and 
X-ray properties of QSOs of similar intrinsic luminosity (see 
text). 



We then investigated the star formation in the samples pre- 
sented in this work by measuring the [O II] 3727 flux on the 
SDSS spectra and considered the [O II] over [Ne V] ratio as a 
function of the nuclear obscuration. To compare objects in the 
same redshift range we restricted our analysis to z > 0.4. As 
shown in Figj4j this cut removes only low-redshifts type-1 QSOs 
and ensures that both type-1 and type-2 QSOs span a similar lu- 
minosity rangeQ We note that, for QSOs in the redshift range 
z=0.4-1.5, the 3" size of the SDSS fibers encloses regions as 
large as 16-26 kpc diameter, and therefore samples a significant 
portion of the host galaxy in which star formation can take place. 

In Fig. [5] we plot the [O II]/[Ne V] ratio as a function of 
the measured X-ray column density. The blue SDSS QSOs in 
the Y09 sample do show [O II]/[Ne V] ratios on average lower 
than type-2 QSOs. Some positive correlation, albeit with a large 
scatter, is indeed seen between the [O II]/[Ne V] ratio and the 
absorbing column density Nh- When considering those objects 
with observed [O II]/[Ne V] > 4, we found that only 2 out of 12 
are not obscured, and half of them (6 objects) are likely obscured 
by CT absorption. Conversely, there are no objects with Nh > 
10 23 cirT 2 among those with [O II]/[Ne V] < 1. The [O II]/[Ne V] 
ratios mea sured on the SPS S ty pe-2 and type-1 Q SO composites 
bv IZakamska et al.1 d2003l) and IVanden Berk et al.1 (1200 lb were 
also considered and found to be in good agreement with the aver- 
ages measured in this work for obscured and unobscured QSOs, 



7 The intrinsic X-ray luminosity of CT QSOs has been assumed to 
be 50x the observed one, while V10 defined as CT candidates those 
objectes in which the expected intrinsic X-ray luminosity was at least 
a factor of 100 larger than the observed one. We note that, even with a 
factor of 2 larger correction, the intrinsic luminosity of the CT QSOs 
considered in this work would still be comparable with that of unob- 
scured QSOs in the same redshift range. 
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Fig. 5. [O II]/[Ne V] luminosity ratio vs X-ray column density 
for SDSS QSOs and type-2 QSOs at z > 0.4. Symbols are as in 
the previous Figures. A trend is visible in which progressively 
more obscured objects have enhanced [O II] emission relative to 
[Ne V]. We interpret this trend as due to increased star formation 
in obscured QSOs, which boosts the [O II] line emission. The 
[O II]/[Ne V] ratio as measured on the SDSS type-1 QSO com- 
posite spectrum of Vanden B erket aj j ( 2001) and on the SDSS 
type-2 QSO composite spectrum of IZakamska et al.l (120031) are 
shown with the two labeled arrows. 

respectively (see Fig.[5j. We tried to compute the significance of 
the correlation between the [O II]/[Ne V] ratio and the logarithm 
of the column density. We note that it is difficult to deal with 
objects which are either unobscured or CT candidates, because 
they cannot be treated statistically as proper upper or lower lim- 
its on Nh, since the gas column density can plausibly vary only 
within a bounded range (i.e. it cannot be zero or infinite). For 
simplicity we therefore assumed logNn=20 for unobscured ob- 
jects and logAf?/=24 for CT candidates, respectively (see Fig.[5j. 
The presence of a corre lation has been esti mated through the 
asurv software package (Lavalle v et al.lfl992l) . using the gener- 
alized Kendall's r and the Spearman's p correlation tests. We 
found that the probability that the correlation is not present is 
only 2 X 10~ 4 and 1 x 10~ 4 , respectively. If the [O II] emission 
measured in type-2 QSOs is interpreted as entirely due to star 
formation, the median [O II] luminosities of the [O III]- and [Ne 
V]-selected samples would correspond to star formation rates 
of « 100 and » 20 M /yr, respectively (using the relation by 
iKewlev et alJ l2004). These values could decrease by up to a fac- 
tor of ~ 2 if the AGN contribution to the [Oil] emission is sig- 
nificant (Silverman et al. 2009). This finding is consistent with 
the expectations from the AGN evolutionary sequence outlined 
above. 

6. Conclusions 

We have presented a diagnostic diagram to identify heavily 
obscured, Compton-Thick AGN candidates at z ~ 1 based on the 
ratio between the 2-10 keV flux and the [Ne V]3426 emission 
line flux (X/NeV). The diagnostic was calibrated on a sample 
of 74 local Seyfert galaxies and then applied to populations of 
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type-1 and type-2 QSOs at different redshifts (from z ~ 0.1 to 
z - 1.5) selected from the SDSS. The main results obtained in 
this work can be summarized as follows. 

• The observed X/NeV ratio is found to decrease with increasing 
absorption: the mean X/NeV ratio for unobscured Seyferts is 
about 400, about 80% of local Seyferts with X/NeV< 100 
are obscured by column densities above 10 23 cm" 2 and essen- 
tially all objects with observed X/NeV < 15 are Compton-Thick. 

• We considered a sample of 83 blue type-1 QSOs and 21 
[O III]-selected type-2 QSOs in the SDSS which have been 
observed in the X-rays and show significant [Ne V] detection. It 
was verified that they follow the same X/NeV vs X-ray absorp- 
tion trend which is observed for local Seyferts. Furthermore, 
SDSS type-2 QSOs classified either as Compton-Thick or 
Compton-Thin on the basis of their X/OIII ratio, would have 
been mostly classified in the same way based on the X/NeV 
ratio. 

• The X/NeV diagnostic was used to investigate the obscuration 
of 9 SDSS obscured QSOs in the redshift range z = [0.85 -1.31], 
which is not accessible through [O III] selection. The 9 objects 
were selected by means of their prominent [Ne V]3426 line 
(EW > 4A), and Chandra snapshot observations for 8 of them 
were obtained (one object is from the archive). Based on 
the X/NeV ratio, complemented by X-ray spectral analysis, 
only 2 objects appear good Compton-Thick QSO candidates. 
However, when considering the 4 genuine narrow-line objects 
only (FWHM of the Mgll line < 2000 km s~ l ), the efficiency in 
selecting Compton-Thick QSOs through the [Ne V] line is about 
50% (2/4), which is more similar, despite the large uncertainties, 
to wh at is achieved with [O III] selection (60-70%; Vignal iet alj 
120101) . 

• We verified that neither extinction nor anisotropy corrections 
on the [Ne V] emission would affect our conclusions and that 
the X/NeV diagnostic is therefore a good method to identify 
clean, despite not complete, samples of heavily obscured AGN. 
We discussed the possibility of applying the X/NeV diagnostic 
to objects in sky areas with deep optical spectroscopy and X-ray 
coverage. This will allow to identify Compton-Thick Seyferts at 
Z ~ 1, i.e. those objects which are thought to be responsible for 
a large fraction of the "missing" X-ray background. 

• Finally, the optical emission line properties of [Ne V] -selected 
QSOs were compared with those of other SDSS populations of 
obscured and unobscured QSOs. By restricting the analysis to 
objects in the same redshift (and luminosity) range z=[0. 4-1.5], 
we found evidence that the ratio between the [O II] 3727 and 
[Ne V]3426 luminosity increases with obscuration. This corre- 
lation is interpreted as evidence of enhanced star formation in 
obscured QSOs, which is consistent with current popular sce- 
narios of BH-galaxy coevolution. 
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Appendix A: Master table for the local sample 

In the Tables at the end of the Appendix we present the sam- 
ple of local objects which has been used to build the X/NeV 
vs X-ray absorption diagram shown in Fig. Q] The X-ray ab- 
sorption, X-ray flux and [Ne V] flux have been derived from 
the literature. As for X-ray data, we generally preferred to use 
the values obtained with the most recent and sensitive satellites, 
Chandra and XMM-Newton. When dealing with heavily ob- 
scured objects, though, we considered measurements obtained 
with Suzaku and BeppoSAX in order to map the energy range 
above 10 keV and get a more robust measurements of the ab- 
sorbing column density. Sometimes an observed 2-10 keV flux 
measurement is not directly quoted in the considered literature 
papers: in those cases we estimated it using the published best 
fit spectral parameters and/or 2-10 keV luminosity. We ana- 
lyzed the archival, unpublished X-ray data of 4 objects (Mrk 78, 
Tol 1506.3-00, NGC 4074, IIIZw77) and re-analyzed the X-ray 
spectrum of NGC 1320 s ince the 2-10 keV flux we derived from 
the best-fit parameters in Greenhil l et alJ (120081) appears to differ 
significantly from that listed in the 2XMM catalog. The X-ray 
spectra and best fit parameters for these objects are presented 
below. 



A. 1 . X-ray spectra of individual objects analyzed in this work 

For the AGN observed by XMM-Newton (Mrk 78, Tol 1506.3- 
00, NGC 4074, NGC 1320), EPIC pn spectral results are pre- 
sented, while for ASCA data (IIIZw77), we refer to SIS spectra. 
All of the sources presented below were pointed as targets, with 
the exception of NGC 4074, which was observed at an off-axis 
angle of w 7.3'. 



A.2. XMM-Newton data 

A.2.1. Mrk 78 

The X-ray spectrum of Mrk 78 (top-left panel in Fig. A.l; ef- 
fective exposure time in EPIC-pn of as 7.2 ks) is well fitted 
with a model including, in the soft X-ray energy band, a ther- 
mal (kT * 0.6 keV) and a power-law component (with a photon 
index F * 2.3). The emission at energies above 2 keV is well 
reproduced by an absorbed (Nh ~ 5.7 x 10 23 cm -2 ) power-law 
(with photon index fixed to 1.8 because of the limited photon 
statistics) plus an iron emission line. The line energy (E=6.31- 
6.45 keV) indicates emission from neutral or mildly ionized iron, 
while its EW (~ 340 eV) is consistent, within the errors, with 
being produced by transmission through the same matter re- 
sponsible for the absorption of the nuclear component. The 0.5- 
2 keV and 2-10 keV fluxes are « 8.1 x 10" 14 erg cm -2 s" 1 and 
« 5.9 x 10" 13 erg cm" 2 s , respectively; the de-absorbed, rest- 
frame 2-10 keV luminosity for this source is » 8.5 x 10 42 erg s" 1 . 



A.2.2. Tol 1506.3-00 

Tol 1506.3-00 was observed for « 3.7 ks with XMM-Newton 
(top-right panel in Fig. A.l). Its spectrum is characterized by 
a thermal (kT w 0.2 keV) plus a power-law component at 
soft energies, while the emission above w 2 keV is well pa- 
rameterized by a power-law with r^ 1.6 and mild absorp- 
tion (Nh ~ 7.1 x 10 21 cm -2 ). No iron line is present, the up- 
per limit on its EW, in the case of neutral iron, is » 40 eV 
(90% confidence level). The 0.5-2 keV and 2-10 keV fluxes are 



2.35 x 10" 12 erg cm" 2 s" 1 and 



7.71 x 10" 12 erg cm" 2 s" 1 , 
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Fig. A.l. XMM-Afewfon EPIC-pn data of the four archival observations presented here (from top-left to bottom-right: Mrk 78, 
Tol 1506.3-00, NGC 4074, and NGC 1320). The data have been corrected for the effective area and further converted to flux 
density in units of 10~ 14 erg cm" 2 s" 1 keV -1 for displaying purposes. 



respectively. The intrinsic, rest-frame 2-10 keV luminosity of 
Tol 1506.3-00 is * 5.5 x 10 43 erg s" 1 . 



A.2.3. NGC 4074 

The XMM-Newton spectrum of NGC 4074 (bottom-left panel in 
Fig. A. 1 ; exposure time of * 2.6 ks) requires a double power- 
law model, with the component at energies above m 3 keV be- 
ing absorbed by a column density Nh ~ 2.4 x 10 23 cm -2 (as- 
suming F = 1.8). No iron line is present, with a 90% upper 
limit on the EW of a neutral iron line of as 190 eV. The mea- 
sured 0.5-2 keV (2-10 keV) flux is « 8.6 x 10" 14 <*™ — " 2 -" ] 



(a: 2.59 xlO -12 erg cm"' 
2-10 keV luminosity is 



A.2.4. NGC 1320 



-14 -2 

erg cm s 



s ), while the de-absorbed, rest-frame 
^.OxlO^ergs" 1 . 



Among the sources observed by XMM-Newton and presented in 
this Appendix, NGC 1320 is the one with the longest exposure 
time (as 11.5 ks) and most complex X-ray spectrum, as shown 
in Fig. A.l (bottom-right panel). The X-ray data for this source 
are highly suggestive of the presence of both a transmission and 
reflection component. While the transmitted component is well 



parameterized by a F = 1.8 power-law continuum absorbed by 
thick matter (with a column density of » 2.4 x 10 24 cm -2 ), for 
the reflection component the parameters are basically uncon- 
strained, calling for observations with higher photon statistics 
and data above 10 keV to properly model and constrain the two 
spectral components. The best-fitting model requires also the 
presence of a power-law (F » 2.9) at low energies and a Ne ix 
emission line at an energy of as 930 eV {EW « 50 eV). The mea- 
sured 0.5-2 keV (2-10 keV) flux is * 2.3 x 10" 13 erg cm" 2 s" 1 
(as 5.7 x 10~ 13 erg cm" 2 s _1 )|j, and the de-absorbed, rest-frame 
2-10 keV luminosity is as 8.4 x 10 42 erg s , we note, however, 
that this value is somehow uncertain, given the complex X-ray 
modeling of the data presented here. 



A.3. ASCA data 

A.3.1. IIIZw77 

An ASCA observation with a net exposure time of as 65 ks has 
detected a faint X-ray source at this galaxy. The X-ray spectrum 
(see Fig. A. 2) shows a hard X-ray excess above 3 keV when a 
simple power-law is fitted. This hard X-ray component proba- 



consistent with the value quoted in the 2XMM catalog. 
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Fig. A.2. ASCA data of the source IIIZw77, corrected for the 
effective area and further converted to flux density in units of 



10 erg cm s keV for displaying purposes. 



bly originates from an obscured active nucleus. When modeled 
by an absorbed power-law with photon index r = 1.8, the ab- 
sorbing column density is estimated to be Na = 8^ X 10 23 cm -2 . 
The data have no sufficient quality to constrain a Fe K emission- 
line. The soft X-ray component can be described by a power- 
law of T » 2.5. While the origin of the soft X-ray emission 
is unclear, assuming that no strong star formation is taking 
place in this E/SO galaxy, it is likely extended photoionized gas. 
The observed fluxes in the 0.5-2 keV and 2-10 keV bands are 
1 x 10~ 13 erg cm -2 s _1 and 6 x 10~ 13 erg cm -2 s" 1 , respectively. 
The absorption-corrected 2-10 keV luminosity derived from the 
absorbed power-law model is 1 x 10 43 erg s _1 . 
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Table A.l. The local sample: Seyfert 1.0 to 1.5, Narrow Line Seyfert Is (NLS1) and Broad Line Radio Galaxies (BLRGs). 



Name 


Type 


z 


logN H 


log/2-10 


Refx 


log/AW 


A 


Refy e v 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


NGC 3227 


1.5 


0.0039 


22.83 


-11.09 


1 


-13.05 


L 


1 


NGC3516 


1.5 


0.0088 


20.63 


-10.62 


2 


-13.15 


L 


1 


NGC 3783 


1.0 


0.0097 


20.00 


-10.07 


3 


-12.86 


M 


2 


NGC 4051 


1.5 


0.0020 


20.00 


-10.64 


4 


-12.98 


L 


1 


NGC 4151 


1.5 


0.0033 


22.88 


-10.35 


1 


-11.70 


L 


1 


NGC 4253 


NLS1 


0.0129 


20.00 


-10.80 


5 


-13.49 


M 


3 


NGC 4395 


1.0 


0.0010 


20.80 


-11.30 


6 


-14.10 


S 


4 


NGC 4593 


1.0 


0.0090 


20.00 


-10.43 


7 


-13.60 


M 


2 


NGC 5548 


1.5 


0.0172 


20.00 


-10.28 


7 


-12.57 


L 


1 


NGC 6814 


1.5 


0.0052 


20.00 


-11.82 


8 


-13.77 


M 


2 


NGC 7469 


1.2 


0.0163 


20.00 


-10.64 


7 


-12.74 


L 


1 


Mrk42 


NLS1 


0.0246 


20.00 


-11.98 


9 


-14.52 


L 


5 


Mrk 359 


NLS1 


0.0169 


20.00 


-11.24 


10 


-13.30 


S 


4 


Mrk 486 


NLS1 


0.0389 


20.00 


-11.55 


11 


-13.68 


S 


4 


Mrk 493 


NLS1 


0.0313 


20.00 


-11.46 


10 


-14.52 


M 


3 


Mrk 509 


1.2 


0.0344 


20.00 


-10.47 


7 


-12.24 


M 


2 


Mrk 704 


1.5 


0.0291 


23.13 


-11.25 


12 


-13.21 


S 


4 


Mrk 705 


1.2 


0.0285 


20.00 


-10.64 


13 


-13.80 


S 


4 


Mrk 841 


1.5 


0.0364 


20.00 


-10.79 


14 


-13.15 


M 


2 


Mrk 896 


1.0 


0.0264 


20.00 


-11.46 


10 


-14.10 


M 


2 


Mrk 926 


1.5 


0.0469 


20.00 


-10.51 


7 


-13.96 


S 


6 


Mrk 1239 


NLS1 


0.0194 


23.52 


-11.82 


15 


-13.31 


S 


4 


3C120 


BLRG 


0.0330 


20.70 


-10.31 


16 


-13.72 


S 


6 


3C227 


BLRG 


0.0858 


22.10 


-11.70 


17 


-14.40 


M 


7 


3C382 


BLRG 


0.0578 


20.00 


-10.21 


18 


-13.85 


M 


7 


3C 390.3 


BLRG 


0.0561 


20.60 


-10.40 


19 


-13.59 


S 


4 


3C445 


BLRG 


0.0562 


22.70 


-11.17 


20 


-13.85 


M 


2 


Fairall 9 


1.2 


0.0470 


20.00 


-10.92 


7 


-13.03 


M 


8 


Fairall 5 1 


1.0 


0.0142 


22.20 


-10.60 


21 


-13.29 


M 


2 


Fairall 1116 


1.0 


0.0582 


20.00 


-11.27 


22 


-13.54 


M 


8 


Tol 1351-375 


1.9 


0.0520 


22.20 


-11.42 


23 


-13.48 


M 


2 


Tol 1506.3-00 


1.5 


0.0543 


21.85 


-11.11 


24 


-14.00 


M 


2 


H1143-182 


1.5 


0.0329 


20.00 


-10.55 


4 


-13.19 


M 


8 


HI 846-786 


1.0 


0.0743 


20.00 


-11.10 


7 


-13.49 


M 


2 


Aknl20 


1.0 


0.0330 


20.00 


-10.42 


25 


-14.15 


S 


4 


Akn564 


NLS1 


0.0247 


20.00 


-10.80 


26 


-13.33 


S 


4 


MCG-6-30-15 


1.2 


0.0077 


20.00 


-10.62 


27 


-14.05 


M 


2 


1ES1615+061 


1.5 


0.0380 


20.00 


-11.10 


28 


-14.22 


M 


2 


IIIZw77 


1.2 


0.0342 


23.90 


-12.22 


24 


-13.55 


M 


9 


ESO 141-G55 


1.2 


0.0360 


20.00 


-10.57 


29 


-13.17 


M 


8 


POX 52 


1.0 


0.0218 


20.70 


-12.11 


30 


-13.35 


M 


10 



Column description: (1) Source name. (2) Spectroscopic classification (1.0, 1.2 and 1.5 refer to Seyfert types). (3) Redshift. (4) Logarithm of the 
cold X-ray absorbing column density. For those objects in which no cold absorption is measured in excess of the Galactic value, the column has 
been fixed to logA'//=20. (5) Logarithm of the observed 2-10 keV flux in erg cm s . (6) Reference for the X-ray data. (7) Logarithm of the 
[Ne V]3426 flux in erg cm~ 2 s . (8) Aperture used to measure the [Ne V] flux, defined following Schmitt (1998): S (small), M (medium) and L 
(large) correspond to a pertures in the rang es 1 -3", 3-7", and >7", r espective ly. (9) Reference for t he [Ne V] data. 

X-ray references: ( 1) Icappi et al] 12006]: (2) JBianchi et alj 120041: (3) iBlustin et al] |2051: (4) Bianchi et al. 2009; J5) lLandi et all 120051: (6) 
llwasawa et aHl2010l: ( 7) Shino zaki et alj|2006k (8) I Vasudevan & Fa blarj|2007l ; (9)|Vau ghan et al.| ll999l; (10) lGalloll200d (1 1) iBallo et alj|2008l; 
(12) lLandi et al.ll2007l: (13)lGallo et al.ll2005l: (14)|P iconcelli et"al.ll2005ir( 15) Grupe et al. 2004; (16) Grandi et al. 2006; (17) Hardcastl e et al] 
2007 : (18)lGliozzi et alj |2007; (19) Evans et al. 200 6; (20)]Sambruna et all 2007; (21) Jimenez-Bail on et al]|2008l (2 2)lD'Ammando et alj 2008; 
(23) Risal iti et alj|2000l ; ( 24) this work; (25 ) Vaugha n ~etal.ll2004l : (26) IVignali et alj|2004l : (27) lPonti et al.l l2004: (28) lGuainazzi et aljll998l : (29) 

iGondoin et alj2003l ; (30) Thornton et al. 20 Q8J. 

[Ne V] references: (I ) Anders on! 1 1 97(1: (2) Morris & Ward 1988; (3) Osterbrock & Pogg g | l985l : (4) lErkens et alj]l997l : (5) lMalkarJ[l986l : (6) 
Durret & Bergeron 1988; (7) Osterbrock et al. 1976; (8) Winkler 1992; (9) Osterbrock 1981b; (10) Kunth et al. 1987. 
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Name 


Type 


z 


logN H 


/2-10 


Refx 


fNeV 


A 


Ref NeV 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


NGC 1068 


2.0 


0.0038 


25.00 


-11.34 


1 


-11.94 


M 


1 


NGC 1275 


NLRG 


0.0175 


20.00 


-10.91 


2" 


-12.70 


L 


2 


NGC 1320 


2.0 


0.0089 


24.00 


-12.24 


3 


-13.15 


S 


3 


NGC 1667 


2.0 


0.0152 


24.00 


-13.00 


4 


-14.00 


L 


4 


NGC 2992 


1.9 


0.0077 


21.95 


-10.13 


5 


-14.52 


S 


5 


NGC 3081 


2.0 


0.0079 


23.85 


-11.89 


6 


-12.66 


L 


6 


NGC 3281 


2.0 


0.0106 


24.18 


-11.54 


7 


-14.52 


S 


5 


NGC 3393 


2.0 


0.0125 


25.00 


-12.68 


8 


-13.25 


L 


4 


NGC 4074 


2.0 


0.0224 


23.38 


-11.59 


3 


-14.05 


S 


7 


NGC 4507 


2.0 


0.0118 


23.63 


-10.89 


9 


-13.26 


L 


6 


NGC 5135 


2.0 


0.0136 


24.00 


-12.80 


10 


-13.54 


L 


4 


NGC 5506 


1.9 


0.0062 


22.50 


-10.10 


11 


-13.96 


M 


8 


NGC 5643 


2.0 


0.0040 


23.80 


-12.08 


12 


-13.33 


M 


8 


NGC 5728 


2.0 


0.0093 


24.30 


-11.89 


13 


-13.66 


L 


4 


NGC 7130 


2.0 


0.0161 


24.00 


-12.29 


14 


-14.00 


S 


9 


NGC 7314 


1.9 


0.0048 


22.02 


-10.39 


15 


-14.30 


M 


8 


NGC 7582 


2.0 


0.0052 


24.00 


-11.64 


16 


-12.48 


M 


10 


NGC 7674 


2.0 


0.0289 


25.00 


-12.12 


17 


-13.40 


L 


11 


Mrkl 


2.0 


0.0159 


24.00 


-12.89 


18 


-13.49 


L 


11 


Mrk34 


2.0 


0.0505 


24.00 


-12.74 


19 


-13.55 


L 


11 


Mrk78 


2.0 


0.0371 


23.76 


-12.23 


3 


-13.85 


L 


11 


Mrk 348 


2.0 


0.0150 


23.13 


-10.56 


20 


-13.64 


L 


11 


Mrk 463E 


2.0 


0.0500 


23.85 


-12.39 


21 


-13.89 


L 


11 


Mrk 477 


2.0 


0.0377 


23.38 


-11.92 


22 


-13.14 


L 


4 


Mrk 573 


2.0 


0.0171 


24.00 


-12.92 


23 


-13.00 


S 


3 


Mrk 609 


1.8 


0.0344 


20.00 


-11.83 


24 


-14.40 


s 


12 


Mrk 612 


2.0 


0.0204 


23.81 


-12.44 


18 


-13.66 


L 


11 


3C33 


NLRG 


0.0597 


23.59 


-11.13 


25 


-14.70 


M 


1 


MCG-5-23-16 


2.0 


0.0085 


22.15 


-10.10 


26 


-13.89 


S 


5 


WAS 49b 


2.0 


0.0630 


22.80 


-12.20 


20 


-14.30 


S 


13 


Cygnus A 


NLRG 


0.0560 


23.23 


-10.89 


25 


-14.40 


M 


14 


IC 3639 


2.0 


0.0109 


24.00 


-13.10 


18 


-13.60 


L 


4 


Tol 0109-383 


2.0 


0.0117 


24.30 


-11.80 


27 


-13.62 


S 


15 



Column description: (1) Source name. (2) Spectroscopic classification (1.8, 1.9 and 2.0 refer to Seyfert types). (3) Redshift. (4) Logarithm of the 
cold X-ray absorbing column density. For those objects in which no cold absorption is measured in excess of the Galactic value, the column has 
been fixed to log_/V//=20. (5) Observed 2-10 keV flux in units of erg cm s . (6) Reference for the X-ray data. (7) [Ne V]3426 flux in units of 
erg cnT 2 s _I . (8) Aperture used to measure the [Ne V] flux, defined following Schmitt (1998): S (small), M (medium) and L (large) correspond to 

apertures in the range s 1-3", 3-7", and > 7", r espective ly. (9) Reference for the [Ne V ] data. 

X-ray ref erences: (1) ICappi et all 120061 : (2) iPanessa et al J 120061 : ( 3) this work; (4) iBianchi et all 120051: (5) iGilli et all 120001: (6) iBassani et al.l 
1999; (7) Vignali & Coma strill2002l~( 8) Maiolino et alJll998l: (9)lMattet al J 120041: (1 0) Guai nazzi etal]|2005al ; ( ll)lBianchi et alJl2003| : (12) 
Guai nazzi et al.l 120041 : (1 3) IComastri et alj 120101 ; (14 ) iRisaliti et al.l 1 19991: (15) [Dewangan & GriffifhsIHx iS; (16) Piconcelli et al. 2007a ; (17) 
Mala guti et alJll998l: (18)|Guainazzi et al.ll2005bl : (19) |Greenhill et alj 2008: (20) Awaki et al. 2000; (21) Bianchi et al. 20081: (22) lLevenson et all 
20011 : (23) Shu e tlul2007r (24) Gallo et al. 2006; (25) Evans et al . 2006; (26) Balestra et al. 2004; (27) Iwasawa et al. 2001b 
Notes: a : The column density of NGC 1275, which is at the center within the Perseus cluster, is difficult to measure: lEvans et all (12006) do not find 
absorption in excess of the Galactic one based on Chandr a data. 



[Ne V] references: (1) iKoskil [19781 : (2) lAndersonlll970l : (3) Erkens et alJI 19971: ( 4) T his work (based on the c atal og of UV-optical spectra of 
nearby ga laxies by Storc hi- Bergmann et al., see text); (5 ) lDurret & BergerorJll988l : (6)lDurret & BergerorJI 19861: (7)ISnuder & Osterbrock|l981 : 
(8)|Mpn-is & Ward 1988; (9) Shields & Filippenko 1990; (10) W ard et aljl980l; (1 l) lMalkaril986l ; (12) lQsterbrock 1981a; (13) lMoran et aljl992 ; 
(14) lQsterbrock & Milledl975l: (15) lFosburv & S ansom 1983^ 
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Fig. A.3. The SDSS optical spectra (left) and Chandra X-ray spectra (right) of the 9 obscured QSOs at z ~ 1 presented in this work. 
Both optical and X-ray spectra are plotted in the observed frame. Flux units for the SDSS spectra are 10~ 17 erg cm -2 s _1 A _1 . The 
dotted vertical lines in the right panels mark the expected position in the observed frame of the 6.4 keV Fe Ka line. The archival 
object SDSS J085600 is not detected in the X-rays: we show a 30"x30" Chandra image in the 0.5-8 keV band around the source 
position (marked with a 1.5" radius circle). 
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Fig |A.31 - continued. 



